,Mandevilla sanderi (Hemsl.) Woodson (syn. Dipladenia sanderi) is an attractive woody climber native to Brazil. It belongs to the Apocynaceae family. It has gained an increasing popularity over the last decade, due to its pretty, funnel-shaped, pink, white or red flowers blooming from late spring till autumn. Mandevilla may be grown outdoors in warm, tropical climates, but usually it is cultivated indoors as a houseplant or as a pot plant for decoration of balconies and terraces. The species may be propagated by stem cuttings in late spring or early summer, however the method is inefficient. In order to establish an effective method for production of healthy plants and to obtain a high propagation rate an in vitro studies were undertaken by some researches. It was proven that the success of regeneration depended significantly on the type of explant chosen and the way of its placement on a culture medium. Wojtania et al. [2006] 
cuttings in late spring or early summer, however the method is inefficient. In order to establish an effective method for production of healthy plants and to obtain a high propagation rate an in vitro studies were undertaken by some researches. It was proven that the success of regeneration depended significantly on the type of explant chosen and the way of its placement on a culture medium. Wojtania et al. [2006] tested 2 types of Mandevilla sanderi explants: apical and basal shoot segments obtained in tissue culture. The mul- Kozak, D., Parzymies, M., Świstowska, A., Marcinek, B., Ismael, B.S. (2019) . The influence of explants type and orientation on growth and development of Mandevilla sanderi (Hemsl.) Woodson in vitro. Acta Sci. Pol. Hortorum Cultus, 18(4), 111-119. DOI: 10.24326/asphc.2019.4.10 tiplication rate was 2.5 shoots per apical explant and 3.1 shoot per basal one. Yonghong et al. [2004] compared regeneration ability of 3 types of explants of that species: terminal buds, mature stem segments and immature stem segments and noted that terminal buds had been the best source of explants. Nodal segments excised from seedlings were used for Mandevilla velutina [Biondo et al. 2007] and Mandevilla guanabarica [Cordeiro et al. 2014 ], while Biondo et al. [2004] used nodes from mature plants of in vitro Mandevilla illustris. Other explants were also used in micropropagation of mandevilla: young leaves, stem segments, root explants for Mandevilla velutina [Handro et al. 1988] or shoots obtained from in vitro plantlets for Mandevilla moricandiana [Cordeiro et al. 2012] . Several authors observed a positive effect of horizontal positioning of explants on their regenerative ability , Debnath 2005 , Rajeswari and Palival 2008 or a vertical upside down one [Ziv et al. 1970 , Seabrook et al. 1976 , Kozak 1991 . The increase in shoot branching was also observed after removal of apex [Miller and Drew 1990 , Voyiatzi et al. 1995 , Pumisutapon et al. 2009 , Ngamau 2001 , Mohamed-Yasseen 2002 or shoots defoliation .
THE INFLUENCE OF EXPLANTS TYPE AND ORIENTATION ON GROWTH AND DEVELOPMENT OF Mandevilla sanderi (Hemsl.) Woodson in vitro
The aim of the present study was to evaluate the regeneration ability of different types of Mandevilla sanderi (Hemsl.) Woodson explants, placed on the medium in different orientations.
MATERIAL AND METHODS
In vitro shoot cultures of Mandevilla sanderi (Hemsl.) Woodson were initiated from the shoot tips and axillary buds collected from plants cultivated in a greenhouse. They were surface disinfected by immersion in sodium hypochlorite containing 0.5% of active chlorine for 30 minutes, then rinsed 3 times in distilled sterile water. The explants were cultured on basic Murashige and Skoog [1962] medium (MS) containing mineral salts and thiamine -0.4 mg·dm . The pH of the medium was adjusted to 5.7 before autoclaving. After several months of multiplication, shoot tips, 15-20 mm in length, with 2 nodes were isolated and used for an experiment. Following types of explants were prepared: shoot tips, decapitated shoot tips, defoliated shoot tips (except for the youngest leaf at the top), shoot tips after removal of the shoot apex and leaves (decapitated and defoliated). They were placed on the medium vertically with the shoot tip up. In case of defoliated shoot tips, horizontal and vertical position with the shoot tip down was also used. The cultures were maintained at 22 ±2°C under 16-h photoperiod and light intensity of 35 µmol·m -2 ·s -1 . There were four replications per treatment, each consisting of 5 explants cultivated in Erlenmeyer flask of 200 ml capacity. The experiment was repeated twice.
Following features were evaluated in the experiment after 8 weeks of cultivation: length and fresh weight of main shoots, number and size of leaves and number of nodes per main shoot; percentage of shoots with axillary shoots, number, length and fresh weight of axillary shoots, number of leaves and nodes on axillary shoots, percentage of rooted shoots, number, length and fresh weight of roots; percentage of shoots with callus, size and fresh weight of callus. A multiplication rate (number of micro-cuttings per explant obtained by division of main and axillary shoots that could be used for further cultivation) was also counted per each treatment. The results of the experiment were analyzed statistically with the use of a one-factorial analysis of variance and the Tukey test was used to estimate the significant differences between the means at the 5% level of significance.
RESULTS
On the basis of the obtained results it was noted that the type of explant and its positioning on the media had an influence on growth and development of the main shoot (Tab. 1).
Analyzing the effect of decapitation or defoliation of the shoot tip on growth of the main shoot it was noted that shoots grown from shoot tips, defoliated or leafy (32.1 and 30.1 mm respectively), were significantly longer in comparison to decapitated ones Kozak, D., Parzymies, M., Świstowska, A., Marcinek, B., Ismael, B.S. (2019) . The influence of explants type and orientation on growth and development of Mandevilla sanderi (Hemsl.) Woodson in vitro. Acta Sci. Pol. Hortorum Cultus, 18(4), 111-119. DOI: 10.24326/asphc.2019.4.10 (20.0 mm). It was also observed that removing leaves from shoot tips cultivated in a normal position, slightly stimulated elongation (by 2 mm).
Comparing the effect of orientation of defoliated shoot tips, no significant differences were stated regarding the shoots length in case of vertical, horizontal or upside down positioning (32.1, 28.6, 25.4 mm respectively). However, on the basis of the obtained results it was noted that shoots placed horizontally or upside down were slightly shorter.
It was observed that neither decapitation or defoliation of explants nor their orientation had a significant effect on fresh weight of the main shoot. However, on the basis of the obtained data, it might be stated that the highest fresh weight was noted in case of shoot tips with the leaves removed and placed vertically on the medium (247.7 mg), while the smallest one was observed when shoot tips had been defoliated and placed on the media vertically with the base up (137.8 mg).
Statistical analysis proved that decapitation of explants significantly decreased the number of nodes on the main shoots, both in case of leafy and defoliated ones (4.1 and 3.8 respectively), in comparison to shoot tips with the apex (from 5.9 to 6.4). Similar results were obtained in regards to the number of leaves. It was observed that leaves differed in their morphological features. Those formed on the main shoot grown from a defoliated shoot tip orientated vertically with the base up, were significantly shorter and narrower (9.0 and 4.7 mm respectively) in comparison to other treatments, in which leaves were from 19.0 to 21.5 mm long and from 8.4 to 10.0 mm wide.
The type of explant and its positioning on the media influenced branching of the main shoot (Tab. 2). Analyzing a regeneration capacity of the studied explants, it was observed that the most shoots with axillary ones appeared when defoliated shoot tips with the apex removed were used as explants (75%). Statistically less shoots branched when leafy or defoliated shoot tips placed vertically with the base up or down were used (5 and 10%, respectively). The axillary shoots formed on the lowest node at the shoot base, which is presented in Photo 1. It was also observed that defoliated shoot tips with the apex removed or not, placed on the media vertically base down or horizontally formed more axillary shoots (1.3 and 1.5 pcs per shoot respectively) in comparison to the remaining treatments (1.0 pcs per shoot). The obtained axillary shoots differed in length. Those formed on leafy or defoliated shoot tips orientated vertically with the base down were longer (24.5 and 22.4 mm respectively) than the ones noted on leafy shoot tips with the apex removed, placed on the media in the same position (11.0 mm). Axillary shoots that were formed on defoliated shoot tips placed vertically with the base down were characterized by the highest fresh weight as well (156.3 mg). Axillary shoots of significantly lower fresh weight were noted when leafy shoot tips orientated vertically with the base down were used as explants (50.1 mg).
Analyzing the number of nodes and leaves formed on axillary shoots it was noted that defoliation of explants increased their amount. The highest number of nodes was obtained when defoliated shoot tips were placed on the media vertically with the base up (7.4), in comparison to other treatments. Vertical positioning of the leafy, decapitated shoot tips caused that shoots formed the least nodes and leaves (2.4 and 3.3, respectively).
On the basis of the statistical analysis it was proved that the type of explant and its positioning on the media influenced rooting of Mandevilla sanderi shoots in tissue culture (Tab. 3). It was noted that when leafy shoot tips placed vertically were used as explants, the most shoots formed roots (85%). Significantly less rooted shoots were observed when defoliated shoot tips were placed vertically in a normal position (30%) or upside down (15%) or additionally had the apex removed (15%). The studied explants formed from 1 to 3.5 roots. The highest number of roots was observed when defoliated shoot tips were placed on the media upside down (3.5 pcs), in comparison to leafy shoot tips in a normal position (1.0 pcs) or defoliated shoot tips orientated horizontally (1.0 pcs).
Regarding the length and fresh weight of the obtained roots, the differences between the means were not proven. However, on the basis of the obtained results, it was noted that roots formed on defoliated shoot tips placed upside down and defoliated shoot tips with the apex removed weighted less than those obtained in other combinations (3.4 and 5.0 mg, respectively in comparison to 18.6-32.7 mg).
A callus tissue was observed in all the treatments. It was proved that statistically less shoots formed callus when defoliated shoot tips positioned vertically Kozak, D., Parzymies, M., Świstowska, A., Marcinek, B., Ismael, B.S. (2019) . The influence of explants type and orientation on growth and development of Mandevilla sanderi (Hemsl.) Woodson in vitro. Acta Sci. Pol. Hortorum Cultus, 18 (4) Kozak, D., Parzymies, M., Świstowska, A., Marcinek, B., Ismael, B.S. (2019) . The influence of explants type and orientation on growth and development of Mandevilla sanderi (Hemsl.) Woodson in vitro. Acta Sci. Pol. Hortorum Cultus, 18(4), 111-119. DOI: 10.24326/asphc.2019.4.10 with the base up were used as explants. The obtained callus tissue differed in volume. Significantly bigger callus tissue was observed when defoliated shoot tips placed horizontally or upside down were used as explants (3.23 and 3.60 cm 3 , respectively) in comparison to callus formed on decapitated, leafy shoot tips placed in a normal position on the media (1.26 cm 3 ). They characterized by higher fresh weight as well (1041.7 and 1504.3 mg, respectively), in comparison to other treatments. Photos 1-6 show growth and development of Mandevilla sanderi shoots after 8 weeks of cultivation in tissue culture depending on the type of explant and its positioning on the culture media.
Mandevilla shoot tips explants showed a good elongation growth and some of them formed axillary shoots. In order to obtain new progeny plants, the main shoot and axillary shoots might be divided into nodal sections and used for further multiplication. Analyzing the number of the Mandevilla sanderi, Kozak, D., Parzymies, M., Świstowska, A., Marcinek, B., Ismael, B.S. (2019) . The influence of explants type and orientation on growth and development of Mandevilla sanderi (Hemsl.) Woodson in vitro. Acta Sci. Pol. Hortorum Cultus, 18(4), 111-119. DOI: 10.24326/asphc.2019.4.10 secondary explants obtained on shoots orientated in a natural position, depending on the explant type, higher number was noted in case of leafy shoot tips (5.4 pcs) and defoliated leafy shoot tips (5.2 pcs) (Tab. 4). Less secondary explants was obtained when the apex was removed, both for leafy and defoliated shoot tips (3.9 and 2.7, respectively). Horizontal orientation of defoliated shoots was very advantageous for the number of produced micro-shoots, as it allowed to obtained the highest multiplication rate (6.8).
DISCUSSION
In case of many plants species, an apical dominance or apical control occurs, therefore shoot apex grows predominantly and growth of axillary buds is retarded. Decapitation of the shoot tip might break this phenomenon and allow the buds to grow out [Shimizu-Sato et al. 2009 ]. In the presented study, the apex removal and horizontal position improved the axillary branching of Mandevilla sanderi shoots. Orlikowska et al. [2000] reported that in the case of Codiaeum variegatum, shoot tip removal increased a number of axillary shoots from 1.5 to 2.4. The influence of the apex removal was even more advantageous for Cosmos atrosanguineus (3.3-5.4 axillary shoots obtained) [Kozak et al. 2013] . The same effect was observed in tissue culture of many ornamental plants, such as Rosa 'Dr Verhage' [Voyiatzi et al. 1995] , Rosa manetti , Zantedeschia aethiopica [Ngamu 2001] .
The influence of leaves removal on branching of Mandevilla sanderi in tissue culture was not observed in the present experiment. Similar observations were found in the case of Cosmos atrosanguineus [Kozak et al. 2013 ], but defoliated shoots of Codiaeum variegatum produced significantly more axillary shoots (3.9) in comparison to non-defoliated ones (1.5) . Renau-Morata et al. [2005] in studies on Cedrus atlantica and C. libani also observed bud sprouting from defoliated micro-cuttings. Defoliated stems with nodal buds were used to initiate the tissue culture of Syngonium podophyllum [Kalimuthu and Prabakaran 2014] .
Comparing the orientation of explants, it was observed that among 4 studied explant types of Mandevilla sanderi that were placed vertically with the base down, the best axillary shoot induction was noticed from defoliated shoot tips with the apex removed (75% branched shoots with 1.3 axillary shoots). The upside down position of shoots was significantly less advantageous for production of axillary shoots (5% branching and 1.5 axillary shoot). Good results were also obtained in case of shoot tips placed in a horizontal position (55% of branched shoots with 1.5 axillary shoots). Beneficial effect of the horizontal orientation of explants on their regeneration ability was reported by Orlikowska et al. [2000] for Codiaeum variegatum, Nobre [1994] for Myrtus communis, Rajeswari and Paliwal [2008] for Albizia odoratissima, and Saini et al. [2010] for Citrus jambhiri. Favorable effects of inverted explant position were reported for several plants, such as Cosmos atrosanguineus [Kozak et al. 2013] , Lens culinaris [Bermejo et al. 2012] or Codiaeum variegatum .
All studied explants of Mandevilla sanderi produced callus tissue at the base. Callus regeneration was also observed by Wojtania et al. [2006] in Dipladenia sanderi tissue culture, Saini and Jaiwal [2002] in tissue culture of Vigna mungo and by Faroq et al. [2002] for Annona squamosa.
Presented results are a part of the research that aims at increasing the multiplication rate of Mandevilla sanderi in tissue culture. The obtained results indicate that the appropriate choice of explant type and its positioning on the media might significantly enhance or reduce the coefficient of in vitro propagation of the species. In case of Mandevilla sanderi, it seems that the best way to obtain progeny plants is division of shoots into nodal defoliated and decapitated explants placed on the media vertically with the base up, as it allows to obtain the largest number of secondary explants for further multiplication. However, a further research should be undertaken to develop a more efficient micropropagation technology for the species.
CONCLUSIONS
1. Type of explant as well as its positioning on the media have an influence on growth and branching of Mandevilla sanderi in vitro.
2. Apex removal improves the axillary branching of Mandevilla sanderi. Kozak, D., Parzymies, M., Świstowska, A., Marcinek, B., Ismael, B.S. (2019) . The influence of explants type and orientation on growth and development of Mandevilla sanderi (Hemsl.) Woodson in vitro. Acta Sci. Pol. Hortorum Cultus, 18(4), 111-119. DOI: 10.24326/asphc.2019.4.10 3. Defoliation of shoots placed in a normal position reduces the multiplication rate.
4. The use of defoliated shoot tips orientated horizontally allows to obtain the highest multiplication rate.
